The mechanism of carrier heating in ZnS-based electroluminescence devices is discussed. We show that carrier acceleration by an applied electric field is at 300 K not a loss-free (ballistic carriers) process. Even for large carrier energies (about 2.5 eV) inelastic scattering on polar optical phonons dominates over elastic scattering on acoustic phonons and ionized impurities.
Introduction
Seemingly the most important questions on the mechanisms of rare earth or transition metal ions excitation and on free carriers acceleration in high electric field electroluminescence (EL) devices remain still partly unanswered. It is still disputed if carrier acceleration in ZnS EL is loss-free (ballistic carriers) or, in contrary, carriers are initially "cold" but can gain sufficient energy for impact processes from the applied electric field. It was claimed that the relatively high efficiency of ZnS and alkaline earth sulfides based EL devices is due to their unique properties of a loss-free acceleration. EL is induced by generation of electrons tunnel-emitted from interface states by an electric field higher than the one needed for ballistic acceleration [1, 2] .
In this paper we present the theoretical evaluation of the carrier heating process by an applied electric field. We show that, depending on the dominant carrier scattering mechanism, the initially "cold" free electrons can reach the threshold energy for impact processes. The efficiency of such a carrier heating critically depends on the material parameters, magnitude of the applied electric field, doping level (via scattering on ionized impurities) and on lattice temperature. 
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Results and discussion
Theoretical calculations of the mean electron energy at low and high electric fields in the electroluminescence of ZnS were performed by the Monte Carlo method taking into account the following energy and momentum dissipation mechanisms:
• inelastic (at low temperature) and elastic (at high temperature) scattering on acoustic phonons (as described in Ref. [3] ), • piezoelectric scattering (as described in Ref. [4] ), e polar optical phonon scattering (as described in Ref. [5] ), • scattering on ionized impurities (as described in Ref. [3] ).
In the case of phonon related processes the scattering rates depend on the mean electron energy [3, 5] (Fig. 1) . It was also taken into account that the Debye screening length depends on temperature. This length was arbitrarily assumed to be equal at low temperature half of the mean distance between impurities (similar approximation was used in Ref. [1] ). Concentration of shallow ionized impurities was taken as 10 16 cm-3, which is a typical contamination level in the case of the ZnS material. Figure 1 presents the dependence of scattering probability for the different mechanisms listed above on the mean electron energy. The results shown in Fig. 1 were calculated for 300 K and were obtained for material parameters (acoustic deformation potential, static and dynamic dielectric constant, Debye temperature, effective mass of electron, sound velocity and material density) of the cubic of ZnS crystals. At 300 K and the electron energy about 2.5 eV (required for impact excitation of typical electroluminescence activators) the scattering is still dominated by that on optical phonons, which is two times more probable than elastic scattering on acoustic phonons. This is the important result which may solve the long dispute on the carrier loss mechanism in the EL of ZnS [4] . It was claimed, as mentioned in the Introduction, that electron acceleration in ZnS has a loss-free character and that this fact accounts for the high efficiency of ZnS:Mn EL [4] . In accordance with the results shown in Fig. 1 , a loss-free acceleration of electrons is not expected.
In Figure 2 we show the time dependence of the mean electron energy for different electric fields applied. We show here that even for relatively low electric fields 105 V cm -1 fields are used to obtain a high quantum efficiency of EL [5] ) some of the electrons can gain an energy sufficient for impact excitation of EL activators in the ps time range. This is not the case for carrier heating at low temperature, due to a very rapid increase of the probability of acoustic phonon emission with a rise in the mean electron energy. For low electric fields, in the range of a few kV cm-1 , the mean electron energy saturates very fast at meV values, i.e. far from energies sufficient for impact excitation. Here, much larger electric fields are required to reach the threshold for EL excitation.
We have also performed Monte Carlo simulations of electron heating dynamics to determine the dependence of the electron mean energy on heating time for a given electric field. Calculations of electron energy distribution for different electric fields applied are presently on the way. The first results obtained indicate that the electron energy distribution is for low electric fields a relatively narrow function which broadens with the increase in electric field magnitude. The main aim of these calculations is to explain relatively sharp thresholds for center excitation (ionization) observed in experiments.
